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President-Lieutenant-General W. P. MAcARTHUR, C.B., D.S.O. [March 14, 1938] Coliform Bacillus Infections of the Male Urinary Tract By Group-Captain A. F. ROOK, O.B.E., M.R.C.P., D.P.H., R.A.F.
A MEDICAL OFFICER working on the clinical side in the Services has certain advantages over most of his civilian colleagues. One of these is that he is dealingwith a known and only slightly varying population of appreciable size. It is a picked population, and therefore caution is necessary in attempting to draw conclusions from the disease incidence. With certain diseases the incidence appears to be similar to that occurring in the general male population. He is thus in a position to work out fairly accurate morbidity rates, as nearly all patients in the known population are eventually admitted to Service hospitals. A second advantage is that the majority of patients are seen early and the records of all cases, slight or severe, are available for study. It is thus possible to obtain an unbiased view of the usual severity of a disease and not one distorted by seeing only the more severe cases. Another advantage, although the medical officer may not always see it in this light, is that failures almost inevitably return, if not to his own care, to some Service hospital, to be recorded on the man's medical documents.
It is with these advantages in view that an attempt has been made to analyse the cases of coliform bacillus urinary tract infection which occurred among Royal Air Force personnel from the beginning of the year 1926 till the end of 1936. Source of cases under review.-The cases reviewed comprise, so far as possible, all instances of uncomplicated coliform bacillus infection of the urinary tract occurring during these eleven years. While these infections are not so common in males as they are in females, they are sufficiently common to form a serious source of wastage of man-hours. Notes of all cases likely to fall into the group have been extracted from the medical history envelopes in which all admissions to hospital or periods of sickness of over forty-eight hours' duration are recorded. A number of these patients have been under my own care. Some cases have certainly been missed, owing to the fact that either no culture of the urine was made or the recordof the result was omitted. It is not thought, however, that such cases can be numerous.
Limitation of the cases to those showing a pure coliform bacillus infection has led to some artificiality. On occasion these bacteria may be secondary invaders only, having overgrown the original infecting micro-organism, or an originally pure coliform bacillus infection may become superinfected by other micro-organisms. Again, in cases thought to be pure infections, the coliform bacillus has disappeared during treatment, some other micro-organism, usually Streptococcus fcecalis, appearing in the cultures. Hence it is by no means always easy to say that a given patient has a pure coliform bacillus infection. The majority of the urine cultures have been made from mid-stream specimens and the appearance of a few staphylococci in the culture, if absent from subsequent cultures, has been regarded as a contamination. In the Annual Report of the Health of the Royal Air Force the majority of these cases are classified under the heading of pyelitis or cystitis. These diagnoses include a number of cases with urinary symptoms from which those under review have been selected. For comparison, Table II shows the cases of coliform bacillus urinary infection forming the series under review. It will be seen that these cases form roughly onethird of those diagnosed as cystitis or pyelitis. Pathology.-Little is known about the morbid anatomy of the condition, because the vast majority ofacute uncomplhcated cases recover. It has been stated (Winsbury-White, 1933) that there is no evidence that pyelitis exists as a separate entity apart from infection of the renal substance. Animal experiment, in addition to the wellknown drawbacks in comparing the findings to human pathology, has been handicapped by the difficulty experienced in infecting the normal urinary tract. Recently Helmholz (1934) has found that the condition of simple pyelitis without renal involvement occurs spontaneously in rabbits. He has been able to study the -condition in these animals and has shown that not only does simple pyelitis occur, but in uncomplicated cases there appears to be a barrier preventing infection of the kidney substance.
The infecting organism. There is a tendency in British textbooks to class all Gram-negative bacillary urinary infections together as Bacillus coli infections. With the recent advances in treatment it has become apparent that a detailed knowledge of the type of the infecting organism is of more than casual interest. An infection resistant to treatment may be due not necessarily to some local complication but possibly to the fact that the bacteria causing the infection belong to one of the more uncommon types. Hill, Seidman, Stadnichenko, and Ellis (1929) studied 200 cultures of Gram-negative bacilli isolated from cases of genito-urinary infection. They divided them into four groups: (1) 100 organisms fermenting lactose with acid and gas production, a negative Voges-Proskauer reaction but positive methyl-red reaction, i.e. Escherichia cultures.
(2) 79 organisms giving acid and gas in lactose media, a positive Voges-Proskauer reaction, but negative methyl-red reaction, i.e. aerobactor cultures.
(3) Five proteus cultures. (4) 16 miscellaneous types. They noted that aerobactor strains are uncommon in ordinary faecal cultures and suggest that they may be more virulent in their attack on the genito-urinary tract.
The cases from which these organisms were isolated were of a severe character, and it would unquestionably be of interest if bacteria from the type of infection seen commonly in Service hospitals were submitted to more detailed investigation.
Modes of infection and invasion.-One of the most interesting problems in the pathology of the disease is the mode of infection and the method of spread to the kidney. How these occur is still a subject of controversy. The hypothesis that there is a direct spread from the overlying gut seems now to be discredited, save in exceptional circumstances, and infection is believed to occur either through the blood-stream or by way of the lower urinary tract.
(1) Ha?matogenous infection.-From the analogy with the enteric group of fevers, it would seem that the blood-stream is a likely route of infection. It has been stated that a typical attack commences with generalized symptoms-such as malaise, alimentary disturbance, or, in some cases, a rigor-before the more localized symptoms occur. Rigor, in particular, has been adduced as evidence of blood-stream invasion (Morson, 1937) . There was a rigor at onset in seven patients in this series of 112 cases.
At the onset of the majority of acute cases, symptoms of general malaise occurred coincidently with localized symptoms. In 34, some one symptom preceded the others; in 22 it was frequency or pain on micturition, in 10 it was lumbar pain, and in two hypogastric pain. It has, however, been stated that frequency and pain on micturition are not necessarily evidence of lower urinary tract infection, since these symptoms may occur in primary renal involvement.
From the laboratory aspect, the evidence largely depends on the finding of positive blood cultures at some period during the disease. Panton and Tidy (1912) isolated the Bacillus coli in three cases of bacilluria, one of which was apparently uncomplicated. Scott (1929) reported 82 cases of positive blood-stream infection in urological patients, but 51 of these were after operation and 28 after some form of instrumentation. Not one of the three remaining cases was an uncomplicated case of bacilluria. Hyman and Edelman (1932) similarly reported 64 positive blood cultures, but only two of uncomplicated pyelitis. Evidence of successful blood culture from the type of patient met with in the series under review appears to be lacking. There is also much experimental evidence to show that bacteria injected into the subcutaneous tissues, or placed on the surface of mucous membranes, pass rapidly into the lymphatics and thence into the blood-stream. Kidd (1920) has brought forward evidence from the study of spontaneous and accidental infections in the human being and from other sources strongly supporting the theory of haematogenous infection. Against this it has been argued by Helmholz (1937b) .that the presence of coliform bacilli in the blood does not necessarily mean that the urinary organs have been infected by this route, and that intravenous injection of bacteria, even after the kidney has been damaged, does not necessarily cause urinary infection.
(2) Ascending infection.-The greater liability of women as compared to men to suffer from the disease is often put forward as indirect evidence that the path of invasion is via the lower urinary tract (Table III) . This increased liability has been explained as being due to the shorter length of the female urethra and the greater danger of contamination from the rectum. The explanation seems all the morelikely when it is remembered that the striking difference of ratio in the two sexes is confined to bacillary and is not shown in coccal infections. The position is, however, complicated by the fact that certain conditions occurring only, or more often, in the female, such as pregnancy and the abuse of purgative drugs, are believed to predispose to the disease. While this is true in adults, these factors do not operate in children in whom the greater incidence in girls is almost as striking as it is in women. It is difficult to avoid the conclusion that anatomical differences play an important part in the aetiology of the disease. Helmholz (1937b) has done much experimental work on the subject and has recently summarized some of his conclusions. Despite the fact that infection of thenormal bladder in man or in rabbits is difficult, he has been able to show that it is possible with specially virulent bacteria. Spread of infection to the kidney was also accomplished experimentally following bladder infection but the method of ascent was by no means certain, histological examination of the ureters having shown evidence of peri-ureteral inflammation in only three out of 13 animals. Cabot (1936) thought that the evidence pointed to spread in the submucosal or in the muscular or peri-ureteral connective tissues, although no direct evidence has been brought forward to support this view.
Many series of experiments have been done on animals, chiefly by injecting some coloured substance into the lower parts of the urinary tract and tracing the subsequent course of the particles of the dye. Winsbury-White (1933), after a series of experiments, concluded that " the main pathway was in the lymphatics of the outer coat of the ureter and in the peri-ureteral zone ". On the other hand Mackenzie and Wallace (1935) , after a somewhat similar series, state that " in every case the dye passed to the lymphatic chains running up along the aorta. No dye could be found in any instance passing up the ureteral wall or along the peri-ureteral lymphatics ". One series of experiments by these authors suggested that the dye passed from the aortic glands upwards to the thoracic duct and thence via the blood-stream to the kidneys. In uncomplicated cases ascent of infection by way of the lumen of the ureter is suggested by Learmonth (1937) as the most attractive hypothesis, and is the conclusion to which Helmholz has come as the result of his many experiments.
From the evidence available it seems probable that both the haematogenous and the ascendling route of invasion can occur, but the pendulum appears to be returning to the original conception that in most cases infection starts in, and ascends from, the lower urinary tract. Clinical evidence in support of either hypothesis is difficult to produce, but in studying the medical history of these cases certain suggestive points have arisen.
Coital infection.-Cases of coliform bacillus urinary infection occurring among young recently married women, quite apart from pregnancy, have often been described. A complicating factor of infection under similar circumstances in males is the possibility that coitus has awakened a latent vesicular, prostatic, or urethral infection. In this series eight patients gave a history which suggested some direct relation between the coliform bacillus infection and coitus. Two cases occurred within a few days of marriage. In one of these cases the wife was examined and her urine found to be sterile on culture. In two further instances the wife was found to have a Bacillus coli urinary infection.
Non-specific urethritis.-One rather striking factor has been the occurrence in some patients of a urethral discharge, slight in amount, and transient in character, often immediately preceding the onset of more general symptoms. These patients have inevitably been taxed with the possibility of coital infection and some have, at first, been admitted to the venereal wards. A majority have strenuously denied exposing themselves to infection and in certain cases seen personally I felt convinced that they had not recently, or had never, exposed themselves. Thirteen patients were found to have a urethral discharge of this type, usually mucoid but sometimes semipurulent. Unfortunately, the laboratory reports on the urethral smears in these patients usually noted the absence of gonococci and the presence of secondary organisms without further note of their morphology. In one instance it was reported that the predominant organism in the urethral smear was a Gram-negative bacillus.
Three of these patients were married and had had recent connexion with their wives. They had been in the Royal Air Force for seven and a half years, twelve and a quarter years, and twelve and a half years, respectively. In no instance was there a history of venereal disease or of any disease suggesting urinarv tract infection. The remaining 10 patients were unmarried. One had a history of epididymitis eleven years previously for which no cause had been found. In nine there was no history of venereal disease or of any condition suggesting urinary tract infection. The medical history of these 10 patients was available for an average period of seven and a half years, the shortest period being three years, the longest thirteen years. It seems possible that this slight discharge occurred in a greater number of patients but, owing to its small amount and transitory character, was overlooked.
These clinical points are open to more than one interpretation and they afford no evidence as to the mode of spread, but they suggest that the lower urethra is the portal through which the original infection enters. 3Etiology. Of the 112 cases, 28 occurred among officers and 84 among airmen. The incidence of the disease among the airmen by age-groups is shown in Table IV .
From this table it will be seen that the incidence increased in the higher age-groups.
There does not appear to be any reason why officers should be more prone to the disease than airmen, and the higher rate for officers would appear to be attributable to the fact that during the period under review there was a much higher percentage of officers in the over-30 age-group (roughly 50% of all officers over 20 years of age) than there were airmen (roughly 20% of all airmen over 20 years of age). In view of the uncertainty of the mode of invasion and the path of spread, it is difficult in any given case to find a cause for the attack, although Dunlop (1937) , in a study of the history of 68 cases of urinary infection, states that " even in the absence of an obstructive lesion, an infective focus or some other definite atiological factor can usually be found ". It is possible in most cases, by close questioning, to obtain a history of some alimentary disturbance, especially overseas, but it is by no means certain that there is a connexion between this and the urinary infection. Of the conditions usually considered to have a direct setiological relationship with coliform bacillus infections of the urinary tract, diarrhoea is one of the most common. Schwartz (1918) examined 63 infants with various gastro-intestinal diseases, and found that 38, or 60%, showed the presence of Gram-negative bacilli in the urine.
Nearly everyone suffers to a greater or less extent from diarrhcea during their tour of service abroad. The incidence of enteritis among the Royal Air Force personnel overseas, quite apart from the many mild cases never reported, is approximately ten times greater than among the personnel at home. It might, therefore, be imagined that the incidence of coliform bacillus infections of the urinary tract among the personnel abroad would be considerably higher than at home. From Table II it has been seen that while the incidence abroad was slightly higher than at home, the difference was not significant. When corrections have been made and the rates for the various age-groups at home and abroad compared (Table IV) , there has been even less difference. From these figures service overseas does not appear to have any influence on the incidence of the disease.
In one case in the series a cause could be more or less definitely assigned, infection having followed catheterization. A history of gonorrhcea, which might have served as a basis of infection, was not common. There were four patients with a history of gonorrhoea, in one instance sixteen years, in two nine years, and in one eighteen months before the onset of the coliform bacillus infection. It is to be noted that besides the history given by the patient, medical records were available for all cases for a period which averaged seven and a half years with a maximum of twenty-two years ten months, and a minimum of twelve days. In addition, two cases had chronic prostatitis. From one of these two cases-an extremely persistent coliform bacillus infection-a specimen of prostatic secretion was found to contain a schistosome egg. Following a course of antimony tartrate injections, the infection eventually cleared up. In five instances a chill was thought to have been the predisposing factor, while in three the history suggested that an attack had occurred some vears previously.
Few of my own patients showed any obvious evidence of lowered resistance and some were of good physique, with healthy complexions, and gave no history of irregular bowel action. Symptoms.-As regards the clinical course of the disease these patients could be divided in two groups. Group I, comprising 95 cases, showed an acute onset with urgent urinary symptoms, usually responding well to treatment. In Group II, comprising 15 cases, the onset was not so acute, the symptoms were less marked, and treatment was more difficult. In some of these cases there had almost certainly been a previous acute attack which was not reported or had not been diagnosed.
Two cases were treated at home for some period by civil medical practitioners, and symptoms had disappeared before admission to hospital, although bacilluria was still present. No notes of the original symptoms are available and these two cases have been omitted.
The frequency of the symptoms is shown in in the two groups are in no way comparable owing to the small number in group II, the table shows that the relative frequencies of the symptoms in this group are generally less than in group I. In every case in group I there was either frequency of micturition or pain during or after micturition. In the majority both of these symptoms were present. The incidence of pyrexia should be higher than is shown in the table owing to the fact that some patients were treated for the first few days in their own homes and no record of the temperature for this period is available. On admission to hospital the temperatures were found to be normal. It is usually stated that the pain in the right loin is more common than in the left, but in the cases with acute onset both sides were affected in almost equal proportion.
Prognosis.-The prognosis in the majority of cases is undoubtedly good, and many patients will recover spontaneously. Infection may, however, lie dormant for many years after apparently successful cure, and a fact that cannot be over-emphasized is that one or more sterile urine cultures is no criterion of cure. The need of caution in prognosis has been pointed out by Wharton Gray and Guild (1937) who studied the late effects of pyelitis in a number of girls who had had the disease on an average thirteen years previously. Of the 30 cases only 13 were completely normal. The remaining 17 had either some urinary abnormality or symptoms referable to the urinary organs.
The final result in the cases under discussion among Royal Air Force personnel, so far as it is known, is shown in Table VI. In this group of 97 cases with acute onset 18 had one or more relapses after treatment, in hospital. Five of these cases passed from observation, being either discharged or invalided from the Service with coliform bacilli still present in the urine. Four cases still serving are known not to be cured. The 88 patients thought to have been cured have been under observation since discharge from hospital for an average period of nearly four years, with a maximum of eleven and a quarter years and a minimum of one month. Of 15 patients with symptoms of gradual onset, seven had one or more relapse3 after treatment. One airman passed from observation with coliform bacilli still present in the urine, and one is still serving and is known not to be cured. The 13 cases in this group, thought to be cured, have since been under observation without relapse for an average period of just over four years with a maximum of nine and a half years and a minimum of one year. While it is difficult to say that any given patient has been cured, in 101 of the 112 cases, there is no record of relapse in a period of observation following the attack which averaged 3-9 years.
Treatment.-Owing to the fact that the cases under review occurred during a period extending over eleven years, the treatment rather naturally falls under three heads: (1) That previous to the introduction of the ketogenic diet. (2) The ketogenic diet. (3) Mandelic acid treatment. To these must be added a fourth, treatment by sulphanilamide, which has, however, been introduced too recently for use in any but a few of these patients.
All patients require a thorough clinical and urinary investigation, with. a search for any localized focus of infection such as may result from coincident bowel upset, which will need the appropriate treatment. In practice it is usual, after these investigations, to try the effect of treatment before submitting the patient to a complete urological investigation, unless some definite contra-indication is present. If resistant to treatment or showing a tendency to relapse, a complete urological overhaul is necessary. All patients should, moreover, be re-examined after a lapse of some weeks, and further urine cultures done whether symptoms have recurred or not.
(1) Treatment previous to the introduction of the ketogenic diet. The simplest of the many forms of treatment which have at one time or another been recommended is probably that of flushing the urinary tract by making the patient drink large amounts of water. Numerous patients have apparently benefited by this method of treatment, though the direct therapeutic effect must be slight and any instance of cure largely spontaneous in nature. The commonest form of treatment has been by means of alkalis, and effective alkalinization of the urine is usually followed by a rapid decline in the severity of the symptoms, though, at first, with but little diminution in the number of bacilli in the urine. Of the other means of treatment falling into this group, hexamine with acid sodium phosphate and vaccines have been largely used. Many patients have been relieved of their symptoms and eventually cured when treated by these methods, but how far this has been due to the treatment it is difficult to say.
(2) The ketogenic diet as a method of treatment of urinary infections was introduced in 1931 (Clark, 1931; Helmholz, 1931) , although a somewhat similar form of diet had been previously advocated. While there could be no doubt as to the efficacy of this treatment, it suffered from the disadvantage that the diet was nauseating in the extreme. It was owing to the difficulties experienced in this respect that another form of acidifying treatment was tried at the Royal Air Force Hospital, Halton, in 1932. A method based on the alternate use of alkalis and acid with hexamine mixtures has been advocated by many observers. By substituting ammonium chloride for the hexamine and acid, it was found that sterilization of the urine of some patients could be rapidly obtained. After the patient had been rendered afebrile, by means of alkalis, an ammonium chloride mixture was given for five or seven days, the alkali-acid cycle being repeated as often as necessary. Ammonium chloride and similar acidifying drugs given over long periods can be as unpleasant as the ketogenic diet, and it has been shown (Oppenheimer, 1935 ) that they may be dangerous to some patients. Given for short periods in suitable cases they do not appear to cause harm in therapeutic doses. It has repeatedly been pointed out that the acidity of the urine obtainable by means of drugs is incapable alone of causing a bacteriostatic or bactericidal effect. This was well brought out in one patient treated by this method in 1933. It will be seen from the accompanying chart that at the outset, despite a low pH of the urine, due to the ammonium-chloride treatment, there was no effect on the bacterial count. On the return to an alkaline mixture the count began to decrease, the fall being accentuated on the return once again to the acidifying drug.
(3) Mandelic acid therapy. Rosenheim in 1935 published the results of his research for some drug which when taken by the mouth would have a bactericidal effect similar to the ketogenic diet. He showed that such a result could be obtained by the action of mandelic acid in an acid urine. This form of therapy, in one or other of its modifications, has been used extensively and successfully, but has the drawback that in some patients it causes nausea or other toxic symptoms. It has been stated that it is almost always successful in non-obstructive cases of coliform bacillus infection. It was originally claimed that the urine was rendered sterile in ten to twenty days, but recently Helmholz and Osterberg (1937) have produced sterility in much shorter periods.
(4) Sulphanilamide therapy. Soon after the introduction of sulphanilamide it was reported by various observers (Butchel, 1937; Butchel and Cook, 1937; Helmholz, 1937a; Kenny, Johnston, and von Haebler, 1937) to be of value in the treatment of urinary tract infections, these results being subsequently fully confirmed. It has, moreover, the advantage of acting in an alkaline urine and can be used at the onset of the disease. Any form of treatment which acts only in an acid urine is best omitted during the febrile period. This drug can be given at an early period and, as it usually acts more rapidly, should cause a considerable saving in the period of a patient's ineffectiveness. It is also bactericidal to most of the organisms commonly infecting the urinary tract except Streptococcus feecalis, which is fortunately attacked by mandelic acid. Sulphanilamide is, however, more toxic than mandelic acid, an(d a number of patients appear unable to tolerate it in therapeutic doses.
The present series of cases is too small, and the lapse of time since some of the patients have returned to duty is too short, to admit of any but the most tentative conclusions regarding treatment. In any event the period elapsing before a urine is rendered sterile, or the time for which a patient is in bed or in hospital, is an admittedly fallacious basis of comparison. Of the 97 cases with acute onset, 60 were admitted within a few days of the commencement of the disease and were kept in hospital until apparently cured. Not one of these patients has subsequently relapsed. The periods in hospital ranged from 16 to 168 days, with an average of 48-3 days.
MAY-UNIT. SER. 2 * In the small series of patients treated by the alternating acid-alkali treatment, the bacterial colony count in 1 c.c. of urine was reduced from several millions to zero in an average period of just under three weeks. In the few patients treated by the new methods in which comparison with the above cases appeared to be justified, the impression was gained that mandelic acid therapy shortened the average period by a few days, while sulphanilamide produced a sterile urine in an even shorter period. Two cases, which resisted various courses of treatment by the other methods, were cured by sulphanilamide in a few days. To show the effect of acid-alkali therapy on the bacterial count.
Summary.-(1) One hundred and twelve cases of pure coliform bacillus infection of the urinary tract occurred during the period of eleven years in a male population of known size. (2) The morbidity rate over the whole period was 0 3 per 1,000 of population per annum, the incidence of the disease increasing in the higher age-groups. Service overseas, with the increased liability to intestinal upset, caused no significant increase in the incidence of the disease. (3) A majority of the patients were treated by the older methods-alkalis, hexamine, or vaccine. Nearly 90% were relieved of their symptoms in a comparatively short time and have remained free from relapse during a period of observation of several years. (4) The newer forms of treatment, the ketogenic diet, mandelic acid, or sulphanilamide therapy, more rapidly produce a sterile urine. It is yet to be seen whether patients treated by these methods will show an increased or decreased freedom from relapse. organisms after incubation for twenty-four hours, the average for 15 observations being a 3,212-fold increase in the number of organisms.
2ntd Serie&-Mandelix, 2 drm. in water was given four times a day before food; in addition a cacbet of 15 gr. ammonium chloride was taken with the morning and evening dose. This was carried out for three days, and in every case there was a marked diminution in the number of organisms after incubation, the average for 15 observations being a 945-fold diminution in the number of organisms after incubation. 3rd Serie8.-7i gr. of prontosil album were given t.d.s. for six days and in every case there was a marked diminution in the number of organisms after incubation, the average for 28 observations being a 909-fold diminution in the number of organisms after incubation. This is slightly inferior to the results obtained after mandelix but it was not considered justifiable to give these volunteers larger doses of prontosil album, although it was fully realized that the dosage given was considerably less than the optimum therapeutic dose.
